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STATEMENT OF TF.E PROBLEM 
The purpose of thi s thesis study is to determine t he 
percent age, type, and extent of color defective vision in a mixed 
college population , varying in age from 17 to 20 years. 
The color test used is the A.O. H-R-R Pseudoisochromatic 
Plat es f or detecting, classifying, and estimating the degree of 
defective color vision. 
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REVIE1il OF THE LITERATURE 
After a century many hypotheses on color vision have been 
proposed; among those remaining today are Hering; Young-Helmholtz~ 
Ladd-Franklin1 and Edridge-Green~ all of wnich began before 1900. 
Adler5 proposes an accepted grouping of the types of color percep-
tion. There are three divisions: 
I Trichromat 
Normal 
Protanomaly 
Deuteranomaly 
II Dichromat 
Protanopia 
Deuteranopia 
Tritanopia 
III Monochromat 
The H-R-R6 plates have two divisions which are broken 
into red-green defects and blue-yellow defects: 
I Red-Green 
Prot an 
Deutan 
II Bl ue-Yellow 
Tritan 
Tetartan 
Farnsworth? suggested that protan is a collective term 
for protanomalous and protanopic subjects; deutan for deuteranom-
alous and deuteranopic subjects. By analogy the terms tritan and 
tetartan can fol low this terminol ogy. 
'l'he intention of this study i s not to discuss the many 
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theories but to report the results of various color vision testing. 
Following are percentages of color-blind persons according to diff-
erent investigators using different testing situations. 
Pickford8 found that out of 989 males and 676 females 
tested, 7.6% males and 0.59% females had color deficiencies. These 
figures were in accord with Vernon and Straker? Grieve10 , Geddes11 , 
12 
and Gray Further results obtained i n testing male defective 
red-green vision were as follows: 
Schmidt 
Nelson 
Farnsworth 
Pickford 
Population 
6863 
1338 
1Li40 
2000 
Percent 
8.01 
8.82 
9.79 
?.80 
Hardy, Rand, and Rittler13, authors of the A.O. H-R-R 
Plates, tested 154 boys between 12 and 18 years and found 7.14% had 
defective red-green visj_on. The above investigators found that out 
of 1105 previously tested boys 7.69% were color defe.ctive. They 
concluded that their new A.O. Pseudoisochromatic Plates had proven 
suitable for color testing, for detecting and screening defective 
red-green vision, and had a sensitivity which would detect in an 
unselected population, close to 8% of males with a red-green defic-
iency. 
In 1927 Waaler14 reported about 1% each of protanopes, 
deuteranopes and protanomalous subjects, but about 5% of deuter-
anomalous, making up 8% of defective men in all. In 1933 Wieland, 
according to Gates15 gave percentages as follows: Protanopes 1 .4%, 
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Extreme Protanomalous 0.2%, Protanomalous 0.6%, Deuteranopes 1.3%, 
Extreme Deuteranomalous 0.5%, Deuteranomalous 4.0%, maki ng a total 
of 8%. In 1935, Trendelenberg and Scl1midt, again according t o 
Gates16 , found the following proportions of the four mai n types of 
defectives, this time calculated from the defective group itself: 
Protanopes 26%, Deuteranopes 13%, Protanomalous 1J.J%, and Deuter-
anomalous 4?.?%. 
Pi ckford17 offers a table of frequencies of red-green 
major defective color vision in various populations as gat hered by 
many investigators using varied color tests. The table is on the 
following page. 
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Table 1 
FREQUENCIES OF RED-GREEN VJ..AJ"OR DEFECTIVES IN VARIOUS POPULATIONS 
GROUP 
German Boys 
American Whites 
do. 
Norwegian Girls 
Norwegian Boys 
British !vi en 
British Men 
Scottish \'Jomen 
Scottish Men 
Scottish Boys 
Scottish Girls 
Scottish Boys 
Scottish :t-Ien 
Spanish Whites 
New Zealand \ihites 
Jewish Men 
Indians 
Todas (Wools Test) 
Todas (Ishihara) 
Turkish Men 
Men of Upper Egypt 
(1/lools Test) 
American Indians 
Ameri can Indians 
American Negroes 
Fijians 
American Negroes 
Bechuana Hen 
Chi nese Men 
Chinese Boys 
INVESTIGATOR NUMBER TESTED RED- GREEN BLIND 
von Planta 
Miles 
Haupt 
\.J'aaler 
Waaler 
Vernon and 
Grieve 
Pickford 
Pickford 
Brown 
Straker 
Brown 
Collins 
Gray 
Lorenzo 
Geddes 
Garth 
Geddes 
Rivers 
Cl ements 
and McClure 
Garth 
Rivers and Randall -
Maciver 
Clements 
Clements 
Clements 
Geddes 
Crooks 
Squires 
Kilborn and Beh 
Hsaio 
. % 
2,000 ?.95 
1,286 8.40 
448 ?.81 
9,072 0.51 
9,049 8 . 01 
6,000 ?.49 
16,180 6.6) 
501 0.65 
464 ? .80 
525 ?.4) 
252 0.46 
)60 ? .50 
1)8 7.24 
2,000 
200 
148 
50) 
)20 
80 
624 
392 
325 
608 
2,019 
417 
1 ' 115 
9.00 
6.00 
4.00 
8.10 
8.56 
12.80 
5.)0 
5.00 
1.92 
2.00 
J . ?1 
0.80 
).91 
J.40 
6.30 
5.57 
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APPAP..ATUS 
The testing device used in this research study was t he 
American Optical H-R-R Pseudoi sochromatic Plates , first edition, 
19.5.5. 
The illuminating source t hat was used contained an 100 
watt lamp covered by a Daylite Class .590 filter. This illuminating 
source is a CIE Source C lamp closely approximating the average 
daytime lighting conditions. The lamp was hooded and included a 
stand for the plates which remained at a constant angle . 
The average illumination at the center of the color pl ate 
was 24 foot-candles. A dark room was used with only the test lamp 
as an illuminati.ng source. 
Recording forms were devised and utilized by the authors 
and are included in the latter pages of t he report. 
A measuring string of thirty inches was used to permit a 
constant distance from the patient to the color test plates. 
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PROCEDURE 
The subject was seated in front of t he test book so that 
his eyes were thirty inches from the center of the testing plate. 
The subject was presented with the four demonstration 
plates in succession and shown that there may be two, one, or no 
colored symbols on a plate. The symbols (triangle, cj_rcle , cross) 
were to appear in any of the four corners of a plate. It was added 
that the plates may have similar designs in varying intensities of 
color. 
The test plates were exhibited and the subject was to 
state first the ncunber of colored symbols, then the n~1e of each 
symbol, and l astly to trace the shape of each symbol. The subject 
was allowed to name the symbols as he wished. 
If no errors were made in screening plat es 1 to 6 the 
color vision of the subject was classified as normal and testing 
was terminated. Errors made in t est pl at es 1 to 4 indicated a red-
green deficiency and plates 7 t o 16 were given for diagnosis. 
Errors made in test plates 5 or 6 indicated a blue-yellow defic-
iency and plates 17 to 20 were given for diagnosis. If errors were 
made in both pl ates 1 to 4 and 5 to 6, all diagnostic plates 7 to 
20 were given. 
Any subject who made one or more errors in the screening 
plates was given t he screening series a second time. If, on that 
8 
retest, no errors were made in the screening series the subject was 
classified as normal. ~fuen the subject was unable to correctly note 
. o I s o the symbols on retest, the plates were then turned 90 and or 1 0 
for a retest. 
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RESULTS 
Of the total number of 150 University subjects, 100 were 
males and 50 were females. The students varied from freshmen to 
seniors, all between the ages of 17 and 20 years . 
The results for the males indicated 12 subjects or 12% 
were color defective. Of these, all were red-green anomalies. A 
break down by age levels is as follows: 
0 at age 17 
6 II H 18 
4 If 
" 
19 
2 f! If 20 
A total of 4 showed a slight red-green defect but were 
unclassified as to type . A t otal of 5 showed a Deutan typing; 
3 were of mild extent and 2 were of medium extent. A total of 3 
showed a Protan typing ; one was of mild extent ru1d 2 were of 
strong extent, and were associated with a blue-yellow defeciency not 
classified as to t;ype but of mild extent. 
The female results indicated 2 subjects of 50 were color 
defective. Both girls exhibited deficiency in red-green and blue-
yellow colors; one was a medium Deutan and a strong Tritan while 
the other was a mild red-green and a mild blue-yellow unclassified 
as to type. 
No errors occurred due to location. Only one response 
was that of a non-existant sy~bol in the corner of one of the test 
plates. Fourteen males detected no symbols on Screening Plate 1 on 
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RESULTS (Continued) 
their first attempt, but went on to pass all other pl ates. They 
then passed Plate 1 on their second try. Thirteen girls failed 
Plate 1 on their first attempt, but got it the second time and also 
passed all the other plates. 
Screeni ng Plate 1, which was missed the first time, but 
passed the second time by 14'% of the males and 26'% of the females, 
has color symbols of different hue than the demonstration plates. 
Despite being tol d to expect variations in the symbols, this plate 
was missed and passed often whereas very few of the other plates 
were missed the first time and passed the second time. 
DISTRIBUTION OF Y~LES 
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DISTRIBUTION OF FEMALES 
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9 
8 
7 
6 
5 
4 
3 
2 
0 
DISTRIBUTION OF MALE PROTAN RESPONSES (FAILURES) 
FOR EACH DIAGNOSTIC COLOR TEST PLATE 7 - 20 
7 8 9* 1 0 11 12 13 14 15 16 17 18 19 20 
PLATE NUMBER 
DISTRIBUTION OF MALE DEUTAN RESPONSES (FAILURES) 
FOR EACH DIAGNOSTIC COLOR TEST PLATE 7 - 20 
7 8* 9 1 0 11 1 2 1 3 14 15 16 1 7 18 19 20 
.. PLATE NUMBER 
* Number 8 tests Protans o~y - Number 9 tests Deutans only 
CLASSIFICATION AND ESTIMATION OF THE DEGREE 
OF DEFECTIVE COLOR VISION OF MALES n = ·t 00 
DEFECT 
.AND TYPE NUMBER 
NORMAL 88 
RED-GREEN 
BLUE-YELLOW 
RED-GREEN 
UNCl.ASS-
12* 
2** 
IFIJW 4 
PROT .AN 
.3 
DEUTAN .5 
TRITAN 0 
TETARTAN 0 
MILD HEDIUM 
4 2 
2 0 
0 
.3 2 
0 0 
0 0 
* 4 of the Red-Green are unclassified 
STRONG 
2 
0 
2 
0 
0 
0 
** The Blue-Yellow are also Red-Green deficient 
CLASSIFICATION AND ESTIMATION OF THE DEGREE 
OF DEFECTIVE COLOR VISION OF FEMALES n = 1 00 
DEFECT 
.AND TY-pE 
NORMAL 
RED-GREEN 
BLUE-YELLOW 
RED-GREEN -
BLUE-YELLOW 
UNCLASS-
IFIED 
PROT AN 
DEUTAN 
TRIT.AN 
TETART.AN 
NUMBER 
48 
2 
2* 
0 
1*** 
1*** 
0 
MILD MEDIUM STRONG 
1** 1*** 0 
1** 0 1*** 
0 0 0 
0 0 
0 0 
0 0 0 
* The Bl ue-Yellow are also Red-Green defic i ent 
** One and t he same subject 
*** One and t he same subject 
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CONCLUSION 
This study has shmm that 12rfo, or 12 of a sample of 100 
male college students between the ages of 17 and 20 years are red-
green color defective to some degree. 
It was also found that 2 of a sample of 50 female college 
students of similar ages were color defective to some degree in 
both red-green and blue-yellow. 
'I'he comparison of male color defective subjects to other 
color vision surveys is unfavorable in that the male and female 
percentages are high relavtive to other results reported in the 
l i teratur e. The variance of percentages may be explained by the 
relative sizes of the samples taken. 
We conclude that the .A.O. H-R-R Pseudoisochromatic Plates 
should be used with a much greater sru.1ple in order to obtain a more 
reliable population survey of visual color defective individuals. 
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RECOl~NDATIONS 
For future surveys, almost the entire university popula-
tion, arranged in specific age groups, should be run in order to 
obtain an acceptable percentage. 
Only one person should be in the testing room at a. time, 
so that there will not be a possibility of memorization through 
chance viewing of the plates. If it is necessary to have more than 
one subject L~ the room, then the testing should be conducted so 
that the plates are faced away from those waiting to take the test. 
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